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SYSTEM AND METHOD FOR SETECING 
: NEUmALPARltGLES IN ION BEAN 
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y The present invention relates: generally ' to; the field of ion ; 
: impl^ters, arid mbre specificaily to ^ improved system aiid : 
/method jfor: monitoring arid controlling the !dopaht concerir : 
: iratibn : of ah implanted ; substrate : by .detecting ; rieutral : par- : : 
■: deles :tob"e- ion' :be^ 



BACKGROUND OF THE INVENTION: I 



!:waieb :tehd:t6; oiitgas- cr sputter, thereby: altering -hi :cbm^;:| 
: posit ion: of : the • residual hac^ound gas! : In : either, case', '■ the: ■ : 
• : bearri: striking: the : Faraday :cage may - be jsuiSfcknOy ! neutrals j : 
: : : ized : :so : :as; :to. ; possess ! a ! cobsiderabk : fraction :of : atoms [ofy. 
: : : er^ugh:ep£ri^ 
: :cbunted:b^ 
: whieh includ^ 

: ::> One: manner : ;6if : : xiadiUf6dng: :irw :.<k»s^ge-. : o£- ; ^ms' : jfc>ef^g: ; : 
: -irnplanted; into ;a":substFate:$ 

x^/x^c^ 

■:'-'^ 

ovme4:by the>assighee: of : the . present inyem^ 
porated : : by reference • ! as ! if fully; : set ! fonh • herein.- : ! Farley: ■ : 
automatically : compensates for; implanted ions : which : have ; : : 
been neutiah^dl^m^^ 

p ath to the Wifcrbcicg implanted; Gompehsa ticri is b ased on: '■ : 
the! : fact that the : collisions; of the primary positive: 'ion beam! : ! 
with gas : :atomi : filong:its path causes electro^ 
:to-or:takin:away:&om 
ions: with a pro^ 

: :iB2ned: : The p robability depends . upon; . and is j a function pf^: • : 
the: ion species, the ion velocities {energies),: and the : corn-; : ! 
positioh : and pressure of the : residual background gas throu^fr : [ 
: : :^ichthe:ion:beam : .p£Sses;::-: 
: : By : measuring : these : parame ters, the : determiq ation : • of : '■ : 
implanted dcisage> which is: primary 
cage : beam current: measurement I : may : corrected to : amount : '■ : 
for : neutral particles; The dosage ! measurement is ! ebmpe n-! : ! 
sated : upwards (to : preyen t overdosing) based : on : a :dete nriiT! : \ 
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: : : : ; Ion implantation :bas ; become '■ the : te^hblpgy : preferred by 
: : : :ymp^ry:to d^pe : semkpn^ 
: ; : : scale manufacture : of integrated circuits; Ion energy and ion 
: ; : : : dose: are the: two jraqsi; important variab les used; to: define an 
.[yy implant step; Ipneriergy.tsa^^^ 

: : I : : : : : ^semiconductor devices • The: energy levels of the ions which 
;:; make ;up the ion beam ;detennine the: degree: cf depth o 
: : - ! : implanted : ions; : iloa : dose; relates : to : the : concectiatioh : of: 
x xirrmlahted /iGns ^ 

:■:■:■:■ Typically, : high current nitpl an ters: (getter ally greater than 10 

- - - : - miiliamps (mA) ion bea m current) ; are used for '■ high ;dose : 
: : • : implants, ! wb /medium ; current '■ : implanters: : (generally : 

capable of up : to : about : 1 : mA beam :current): ^are : used: for 
: : :::lower d6se:appiicauons!: : :::!:->^ 

: : A:;ypicalion:impi^ 
: : ;•; systems; (i) a -/terminal for;oui^tung an ion:beanii.(u):a.;:: 
: : : : beamline : for : mass resolving : and : adj usEing the: : focus and ; 

■ x • ; energy level of : the . ion . beam,! . and: \ (iii) : a : targef \ chamber : ^ . n at ion of: the e xten t of ton beam : neuiralizatibn, which ddes : 
: : ; . : which contains the semiconductor, wafer or other substrate to : ; : : not : contribute to the : Faraday cage bearh current: measure- 

x ; ;:.be:inm^ 

: : : : : includes a diosage control: or :dosime try system; ^liich fimc- yyy measurement : : is cd m j>eosated : : : downwards : : (to : prevent 
: :•: :vUOiis:to acc^ra^ 
. . :whkh are implanted mtp me : 

::;:::: Dosage: control systems: often include : a device for : mea-: • : : : • : ■ : much as singly, charged ions yet. which are counted twice by; 
; : ; : : suring beam current - y '■ because dopant : dosage . is directly . : : . . the : Faraday cage as con!ribu!ing to ion ;beam: current. • . • : 
: ■: : rclatecVto bc^^ 

typically : used to: measure : : beam : : current : Faraday : cages 'yyy encountered in : the : beamlines of; implantation de\accs, : the 
: : : measure beam : ct^ 
: : !x, charged icois m the beam w^ 
:;>: x ernering: or escaping - the : ca^ 

■ ■ ■ : While charged : particies can be ; suiiab ly accounted for, : ; along the be am; Based; on the ; assumption, p ardal . pressure 
: : neutral atoms in the beams present a more diflScult problem : : : cc^ 
: :;: :because :^ey are : not: detect 
: :!: : >therefpre:dd:not:cbntribute ^ 

: : : : : Thusi neutral atoms in the ion beam: arc not considered when ; : : : ; . - . implante r control, system : to generate • ;a: correction signal 

: x x :talCThting : ^ 

yyy' : suxements; Because: neutral ^atorhs iiiiy |have - essenually. |the • : '■ : : : - :iicles : as: the pressure varies.: This: process, known in ;me; : art: 
yy sflrnej energy :as ions^ : nowieyer, !ffiey |ar^^ : implantation pose :to : 

: : : : : wafer : :arjd: : conh*ibute :ro 

yy-:- significant neutraliza tion: of; the : beam ; occurs, • the Faraday ; • ; : y However^ : : pressure : ^mpensaribh : teclmique : ;used ; in : 
;:!x;:!cage:wiU;:provide:; a;i^ 
x!x^p5a^:bfthe. sur^tta^ 
:>;: x :v:The ^ e^nt.ofneu^ 

'■■ -y upon : : the ; : pressure : within : : the: : beamline ; ; | : I f : the J : be aniline '■:[''■ y cess; '■ :F6r : example; the composition : of: |the : residu at '■ bacfc \ 
x^•^vacilum^^essare:^s' safiSciemly low^ the implanted species ^ gas may : change ;due : i6 a :vacuum:leak> In: addition^: 

- ideally a singly charged positive ion of t he : particle which: is : ' . ■ : : -\ ;the : . calibratioii : of a ; pressure ; gauge: used lo measure . the : 
selected by the mass analysis magnet. ; If the pressure is not • ' -pressure at a pariicruJar point in ibc^ ^ beam may/drift. Further, 

. suSciently low, however, the ion's in the beam may change 50: the pressure distributioa along the beam may change due ; to 
: : ; • . charge ; state through atbnuc : collisiphs . with the. residual ;y ariations hi' vacuum' pumping speeds or. from outga5sing:br 
.: background; gas atoms, ; without; /undergoing; a significant- -^s^ 
change ; in e n'ergy. : In ■ addition^ the; extent ; of :beam ; neutralr : : : further^ - both pressure ■ and reidual : backgrouad gas oompo-: 
■y y izaiidn \ :a|so> depeno^ an : the • composition : of : the ; : residiial -y-y : sition \ are : made: : difiichli: to : me asure : by puigassing of phpr 
::;::; background ; :gas; : thrpiigli : which : the; : ion : beam : propagates . . : 65. \ toresat i rpm; the ; substrate ; being; implanted; ; which . cphtrib-: 
:;;:: Neutralization of the ;beam: is particularly problematic whehx : ;Utcs:hydrogen Vand ; water to'; the : residual : background : gasi; 
'yyy implanting! semiconductor surfaces '■ :such : ■ as : photoresists, ; x • ; iMoreover, : even '■ if ; the: : exact :prcssure ; and : composition: ; of 



